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 Lactobacillus wasatchensis has been identified as a nonstarter lactic acid 
bacterium (NSLAB) capable of fermenting residual ribose and galactose in ripening 
Cheddar cheese to generate ATP and produce carbon dioxide gas, which in turn 
contributes to late gas formation defects. Detecting and quantifying Lb. wasatchensis in 
cheese via traditional plating techniques has some challenges in that it is slow-growing 
and present in fewer numbers relative to other NSLAB.  
 Culture-independent, nucleic acid-based analyses are an alternative method to 
overcome these challenges. However, for these methods to be successful, it is crucial to 
have a DNA extraction protocol that will generate DNA extracts of adequate yield and 
purity, and represent the living bacterial population. The objective of this study was to 






from broth, milk, and cheese samples preparatory to subsequent PCR-based analyses. 
 After preliminary investigations, two DNA extraction protocols were investigated 
in this study: a direct (phenol chloroform-based), and an indirect method (spin column-
based). The efficiency of each method was examined by inoculating samples of broth 
growth media, milk, and cheese with cell suspensions of Lb. wasatchensis WDC04 in 
triplicate and subjecting each sample to each DNA extraction protocol. The DNA yield 
and purity for each sample was measured, and the DNA extracts were subjected to PCR 
replication using primers specific for Lb. wasatchensis then analyzed using agarose gel 
electrophoresis.  
While the direct, phenol-chloroform-based method yielded more detectable DNA 
from Lb. wasatchensis than the indirect, spin-column-based method, it cannot 
differentiate between DNA from cells and non-cellular DNA. The indirect extraction 
method yielded purer DNA extracts from the milk and cheese samples, and appears to be 
able to differentiate between DNA from cells and non-cellular DNA. However, impurity 








Comparison of Methods for Extracting Lactobacillus wasatchensis DNA from Broth 
Media, Milk, and Cheese for Subsequent PCR-based Analyses 
Tyler Allen  
 
 The Western Dairy Center at Utah State University funded this project as part of 
its BUILD Dairy program with support from the dairy farmers of Idaho, to investigate the 
problem of splits that form in cheese during storage. The bacteria, Lactobacillus 
wasatchensis had previously been identified as a cause of unwanted gas production in 
cheese and the defects then make the cheese unsuitable for cutting into slices.  
The project team proposed a two-year, $150,912 project to investigate methods 
for determining the presence of this bacterium in cheese by extracting DNA from the 
cheese and looking for DNA that was specific to Lactobacillus wasatchensis. The project 
identified a suitable method for extracting DNA and demonstrated that methods that 
extract DNA directly from the cheese are not as repeatable or reliable as a method that 
first separates and collects the bacteria from the cheese and then extracts the DNA.  
While the detection limit for identifying  Lactobacillus wasatchensis in cheese of 
100,000 cells per gram, was not any lower than that which can be achieved using plating 
methods, this work provides the benefit of laying groundwork for selection of a NDA 
extraction method for use with cheese.  Further research can now be applied to lower this 
detection limit so this bacterium can be identified in cheese earlier and thus reduce the 
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Lactobacillus wasatchensis is emerging as a bacteria of interest of causing 
unwanted gas production in cheese during storage (Oberg et al., 2015; Ortacki et al., 
2015; Culumber et al., 2017). It is difficult to identify and quantify this microorganism by 
traditional, culture-dependent means because it is slow growing and usually present in 
cheese among other faster growing lactic acid bacteria. Culture-independent methods are 
a rapid, accurate, and reproducible alternative to traditional culture-dependent methods 
with little to no bias (Quigley et al. 2011; O’Sullivan et al., 2013). Nucleic acid-based 
methods are accompanied with both advantages and disadvantages, and as such should be 
selected carefully, modified when necessary, and used in conjunction with other analyses 
for validation of results, so as to provide the most complete representation of the sample 
possible. Development of an adequate nucleic acid extraction method and subsequent 
application of culture-independent nucleic acid analyses will be essential in discovering 
more about the geographic distribution of Lb. wasatchensis and its significance to cheese 
manufacture.  
To pursue quantification of Lb. wasatchensis using culture-independent methods 
requires a reliable DNA extraction protocol. There are two overall approaches to DNA 
extraction from food: (1) Obtain the DNA directrly from the food by in-situ lysis of 
bacterial cells followed by separation of the DNA from the other consistuents of the food, 
or (2) first separate the bacterial cells from the food matrix and then lyse the cells and 








HYPOTHESIS AND OBJECTIVES 
Hypothesis 
I hypothesize that direct extraction of DNA from cheese can be used to detect Lb. 
wasatchensis at lower levels than possible with plate counting or indirect extraction 
methods. Efforts to explore this hypothesis focused on the following objectives: 
Objective 1.  Compare a direct and an indirect method’s suitability for extracting DNA 
from cheese.  
Objective 2.     Determine the detection threshold of Lb. wasatchensis for each method in 
broth media, milk, and cheese as indicated by successful amplification 











 Late gas production or blowing of aged Cheddar cheeses particularly those aged 
using accelerated techniques is a cause of great concern to the cheese manufacture 
industry due to considerable loss or downgrading of product as a result of the formation 
of cracks and slits in the cheese and puffy or blown packaging. This defect is caused by 
gas production as a result of secondary fermentations carried out by non-starter lactic 
acid bacteria (NSLAB). Efforts to detect the causative agent of late-blowing in Cheddar 
cheese early in the hopes of determining a means by which to mitigate the problem are 
therefore of particular interest. Nucleic acid analyses of cheese has potential of providing 
a means by which to achieve this by revealing what microorganisms that may contribute 
to late-blowing in cheese are represented in a population contained in the cheese matrix.  
 This research examines the effectiveness of two nucleic acid extraction methods 
in extracting DNA from broth growth media, milk, and cheese and the suitability of the 
resultant DNA extracts for downstream PCR-type analyses.   
Non-Starter Lactic Acid Bacteria 
Non-starter lactic acid bacteria are bacteria that are not deliberately added to 
cheese milk. Rather, they arise adventitiously from cells that survive the pasteurization 
process, are transferred from dairy or manufacturing equipment, or are introduced by 
some other source of contamination (Laleye et al., 1987; Martley and Crow, 1993). Some 






but some are also the causative agent for abnormal flavors and gas slits, both considered 
as defects (Banks and Williams, 2004). 
As environmental conditions in a ripening cheese change over time, the dominant 
microflora shifts from high numbers of starter lactococci to NSLAB. Factors that 
contribute to this shift include decreases in pH, temperature, and moisture as well as 
differences in metabolite availability over time. Lactose, for example, is completely 
fermented to lactic acid within 8 to 20 d of cheese manufacture (Banks and Williams, 
2004). When using Streptococcus thermophilus as a starter culture, only the glucose 
moiety of lactose is utilized in the cell allowing for the accumulation of galactose in the 
ripening cheese (Hutkins and Morris, 1987). The residual galactose then becomes a 
potential metabolite for certain NSLAB. Other potential sources of metabolites that can 
support NSLAB growth in ripening cheese are lactate, citrate, amino acids, 
peptidoglycan, and nucleic acids that occur as a result of autolysis of the starter culture 
(Laleye et al., 1987; Martley and Crow, 1993; Oberg et al., 2015).  
Lactobacillus wasatchensis 
The NSLAB found in a ripening cheese include both homofermentative and 
heterofermentative varieties. Heterofermentative lactobacilli are of particular interest in 
the case of a defect known as late-blowing in Cheddar cheese as they are often found to 
constitute a significant proportion of the microflora that is present in Cheddar cheeses 
exhibiting this defect (Laleye et al., 1987). Another defect, slit formation, has been 
observed as a result of secondary fermentations of residual lactose, citrate, and L(+)-






residual galactose and ribose derived from cell lysate, is the recently characterized 
Lactobacillus wasatchensis (Oberg et al., 2015; Ortacki et al., 2015b). 
Lactobacillus wasatchensis is an obligatory heterofermentative, non-starter lactic 
acid bacterium. It has been shown to be a potential cause of late-blowing in Cheddar 
cheese via production of carbon dioxide gas as a by-product of galactose fermentation. 
This effect is exacerbated when St. thermophilus is used as a starter culture in rapid 
methods of Cheddar cheese manufacture and when cheese is stored at higher storage 
temperatures as is common for accelerated aging (Ortacki et al, 2015a). 
As with other microorganisms responsible for gassy defects in cheese (i.e. 
lactobacilli, coliforms, Bacillus spp., Clostridium spp. and Propionibacterium spp.), Lb. 
wasatchensis typically occurs in lower numbers and exhibits slower growth in relation to 
other NSLAB present in cheese (Mullan, 2000; Ortacki et al., 2015a; Porcellato et al., 
2015). This creates some difficulty in adequately detecting and enumerating Lb. 
wasatchensis  by traditional plating methods as these methods often result in a mixture of 
isolates and do not discriminate well at the species level (Cocolin et al, 2004). The 
current method for isolating Lb. wasatchensis from cheese is to first homogenize the 
sample in sterile 2% (wt/vol) sodium citrate followed by serial dilution of the sample in 
0.1% (wt/vol) sterile peptone water. Aliquots from select dilutions are then plated on de 
Man, Rogosa, and Sharpe (MRS) agar supplemented with 1.5% (wt/vol) ribose 
(MRS+R). The plates are incubated anaerobically at 23°C for 48 h. Any colonies that 
appear in this time frame are marked and the plates are returned to incubate anaerobically 
at 23°C for another 72 h. At this point, Lb. wasatchensis colonies will appear as small, 






wasatchensis must be within 1.5 log in number of other faster growing NSLAB for their 
enumeration and isolation (Ortacki et al., 2015a). Typical NSLAB counts in an aged 
cheese are ≥10
6
 CFU/g, which means that Lb. wasatchensis counts need to be ~10
5
 
CFU/g in order to be detectable with this method. Moreover, typical d-1 levels of 
NSLAB including Lb. wasatchensis are <10
2
 CFU/g thus placing further constraints on 
isolating slow-growing NSLAB, such as Lb. wasatchensis, in younger cheeses (Culumber 
et al., 2017). 
Polymerase chain reaction-based methods have proven to be a useful alternative 
in instances where traditional plating techniques may be inadequate. These molecular 
techniques are reliable, highly discriminatory at the species level, readily reproducible, 
inexpensive, and relatively rapid to perform (Cocolin et al., 2004; Jany and Barbier, 
2008; Quigley et al., 2011; O’Sullivan et al., 2013). Because there is no need to enrich for 
or isolate microorganisms of interest, PCR-based methods may also be useful when 
targeting viable but non-culturable bacteria present in a microbial community (Duthoit et 
al., 2003; Gabor et al., 2003). With this in mind, PCR-based analysis of cheeses that 
potentially contain Lb. wasatchensis may serve as a more useful alternative than 
traditional plating methods. 
DNA Extraction from Cheese  
Essentially, there are two approaches by which DNA can be extracted from cheese, 
directly or indirectly. Direct methods are those in which cells are lysed within the sample 
matrix followed by separation of the released DNA from the sample matrix. Indirect 






mechanical or, chemical means, or by a combination of both, and then lysed. Each 
approach has its benefits and drawbacks. Direct methods are associated with higher 
yields of DNA while indirect methods are thought to result in DNA of higher molecular 
mass and purity. While it may be assumed that higher yields might indicate that the 
extracted DNA is of greater genetic diversity, this may not always be the case. There 
appears to be some selectivity involved with each approach. In the case of indirect 
methods, some cells may be more easily detached from the sample matrix than others. On 
the other hand, some DNA released from the cell during the course of direct methods 
may be susceptible to degradation, binding to the sample matrix, or shearing. This may 
be of particular concern for gram-negative species (Gabor et al., 2003), but should not be 
for lactic acid bacteria as they gram-positive. Each approach should be assessed for its 
adaptability to the sample matrix and its suitability for the intended analysis. 
Depending on the type of DNA extraction (i.e., direct or indirect) method used, 
extracting DNA from cheese usually involves the following basic steps. First, the sample 
is mechanically homogenized by various means, such as employing a stomacher or 
blender. The homogenized sample is then treated with various buffers that aid in 
releasing cells from the sample matrix into solution. The method will then employ a 
combination of enzymes and buffers each with a different purpose, such as promoting 
cell lysis (guanidine thiocyanate, sodium dodecyl sulfate, or lysozyme and/or 
mutanolysin) or removing inhibitory substances such as proteases and nucleases 
(guanidine thiocyanate, or proteinase K). A mechanical lysis step is then performed often 






then extracted with organic solvents, such as phenol-chloroform, purified, and 
concentrated usually via ethanol precipitation (Quigley et al., 2012).  
DNA extraction protocols can be developed “in-house” or performed using a 
variety of commercial kits. After undergoing the extraction process, most commercial 
kits employ a silica-gel membrane spin column to purify and concentrate the extracted 
nucleic acids. The DNA extract is first applied to a silica-gel membrane to which the 
DNA binds. Upon centrifugation, protein, salt, and other contaminants pass through the 
column and are discarded. The adsorbed DNA is washed to further ensure removal of any 
contaminants that may remain. The purified DNA can then be eluted from the column 
using an elution buffer and collected for further analysis (Qiagen, 2012).  
Numerous studies have been conducted examining the efficiency of various 
nucleic acid extractions from cheese with mixed results. As far as commercial kits are 
concerned, Quigley (2012) reported that the PowerFood™ Microbial DNA Isolation kit 
(MoBio Laboratories Inc.) was particularly effective in extracting DNA from raw milk 
cheese that was of adequate concentration and purity for PCR amplification. However, in 
a similar study comparing six commercially available kits’ efficiency in extracting 
Brucella neotomae DNA from Mexican and Central American-style cheeses, 
PowerFood™ Microbial DNA Isolation kit (MoBio Laboratories Inc.) was reported to 
have yielded DNA extracts of relatively low concentrations and purity when compared to 
the DNeasy Blood and Tissue kit (Qiagen) or Roche High Pure PCR Template 
Preparation kit (High Pure) (Lusk et al., 2012). 
Kadiroglu et al. (2014) investigated the efficiency of four different methods of 






real-time or quantitative PCR (qPCR) Staphylococcus aureus from both artificially and 
naturally contaminated white cheeses. The first method followed manufacturer directions 
for a commercial kit that employed silica-gel membrane technology (Intron 
Biotechnology, Inc., Korea). The second method involved mechanical lysis via bead-
beating. The third method used a trypsin digestion of the sample matrix and enzymatic 
lysis of the cells. The fourth method was a hybrid method of method one and method 
three (i.e. trypsin digestion preceding the commercial kit protocol). These methods were 
rated based on the threshold cycle observed when performing qPCR for each sample. The 
fourth method yielded samples that provided the highest sensitivity, followed by method 
two, and one. Method three showed no amplification. Similarly, Duthoit (2003) 
compared four different DNA extraction protocols (a guanidine thiocyanate method, a 
proteolytic enzyme method, a lytic enzyme combined with mechanical lysis method, and 
a phenol method), and found that the phenol method provided DNA extracts containing 
the highest microbial diversity. 
It is evident that there is no one approach that will give high quality DNA extracts 
from cheese for subsequent analysis. The fact that one method produced satisfactory 
results in one study does not necessarily ensure that those same results can be obtained in 
another study. It is prudent to compare several methods and assess how well each is 
suited to the objective of a particular study.  
PCR Inhibition 
Because PCR is an enzymatic reaction, it is susceptible to inhibitors that may be present 






on the extent of inhibition of the PCR, decreased sensitivity or false negative results can 
potentially occur (Schrader et al., 2012). Inhibition can occur as a result of several modes 
of action, such as precipitation of the DNA, denaturation of the DNA or DNA 
polymerase, binding of magnesium ions, which are necessary cofactors in the reaction, or 
the presence of excessive magnesium ions (Rossen et al., 1992). Competitive annealing 
of primers by certain inhibitors is another possible mechanism for inhibition that can be 
overcome by designing primers with higher melting points (Schrader et al., 2012). 
Carefully selecting a method for isolating and harvesting bacterial target DNA so as to 
reduce the amount of inhibitors inherent in the sample matrix (i.e., cheese) and minimize 
the introduction of any potential inhibitors used in the process is essential for the PCR-
based assay to be successful (Bickley et al., 1996). 
Obtaining DNA extracts from dairy products, such as cheese, that are non-
degradable and free of PCR inhibitors is a common problem (Pirondini et al., 2010). 
There are several components in cheese and other food samples that are known to inhibit 
PCR. These include proteases that can potentially degrade the DNA polymerase used for 
the PCR or nucleases that can potentially degrade the DNA template (Schrader et al., 
2010). Employing a hot sodium hydroxide-sodium dodecyl sulfate treatment prior to PCR 
has been shown to inactivate proteases and nucleases thereby reducing their inhibitory 
effect (Rossen et al., 1992). A similar result can be achieved by adding protease 
inhibitors or bovine serum albumin (Schrader et al. 2012). Bovine serum albumin is 
thought to have several modes of action. It binds phenolic compounds and lipids thereby 
scouring these types of inhibitors from the reaction and reducing their inhibitory effects 






activity alternative to the DNA polymerase (Kreader, 1996). Coagulation of proteins 
present in the sample during PCR is another possible mechanism by which inhibition can 
occur (Rossen et al., 1992).  
Another source of inhibition found in cheese is calcium. Magnesium is an 
important cofactor for DNA polymerase, and high concentrations of calcium can result in 
competitive binding with magnesium and DNA polymerase thereby decreasing its 
activity. This can be remedied by either supplementing the PCR further with magnesium 
ions, or by using a calcium-chelating agent (Bickley et al., 1996). Other possible sources 
of inhibition found in cheese are fats and polysaccharides; however, these are thought to 
be minor in comparison (Schrader et al., 2012).  
As previously mentioned, inhibitors can also be introduced during the process of 
DNA extraction or sample preparation. Using an enrichment media prior to DNA 
extraction may be one way in which PCR inhibitors are introduced to the process. Such is 
the case when using Fraser media to enrich for Listeria monocytogenes in that it contains 
ferric ammonium citrate, which can only be tolerated in PCR at a level of 0.0001%. Bile 
salts, esculin, and acriflavin are other examples of known PCR inhibitors found in certain 
microbiological media (Rossen et al., 1992). Various reagents used during the extraction 
process itself have also been found to inhibit PCR. 
Phenol is commonly used in DNA extractions from cheese, and has also been 
found to be inhibitory to the PCR in that it degrades DNA polymerase. Detergents used in 
the extraction process, particularly ionic detergents such as sodium dodecyl sulfate, are 
highly inhibitory to the PCR. Ethylenediaminetetraacetic acid (EDTA), a component of 






which in turn decrease DNA polymerase activity. Ethanol used in the precipitation step of 
many DNA extraction protocols can also be inhibitory (Schrader et al., 2012). 
While these inhibitors initially are seldom at concentrations in which they will 
become inhibitory to the PCR, it is possible that they will be concentrated by the 
extraction method used or co-precipitate with the sample DNA. It may be of some benefit 
to dilute the sample in these cases thereby diluting any inhibitors present; however, this 
may also dilute the sample DNA below the threshold necessary for successful PCR. 
Different methods for extracting DNA have produced mixed results in their ability to 
remove inhibitors from the sample. It has been observed that guanidine thiocyanate 
extraction methods are more effective than phenol-chloroform extractions. However, 
phenol-chloroform methods are well suited for removal of inhibitory lipids in the sample 
matrix (Schrader et al., 2012). Careful consideration of the sample matrix and selection of 
the most appropriate method by which DNA is extracted will help mitigate problems with 
inhibition that may occur downstream with PCR-based analyses. 
Nucleic Acid Analyses of Cheese 
 After obtaining DNA extracts that are of adequate concentration and purity, there 
are a number of analyses that can be performed depending on what kind of information is 
being sought. Nucleic acid analyses can help provide qualitative information about 
microbial communities, such as the level of microbial diversity present or if a specific 
microorganism is present in the sample, or to provide quantitative information about a 
particular microorganism or how dense one population of microorganisms is in 






One of the simpler analyses involves the use of conventional PCR. This can be 
accomplished using either genus- or species-specific primers. Primers that target genes 
with both highly conserved regions in combination with highly variable regions, such as 
the 16s rRNA gene, are commonly used. However, it may also be noteworthy to target 
genes that are even more specific or associated with a particular cellular function 
(O’Sullivan et al., 2013). After the PCR, the amplified products are passed through an 
electrophoretic gel, and the bands are visualized with a stain such as ethidium bromide. 
One advantage of electrophoretic methods is the possibility of excising bands 
from the gel for subsequent DNA sequencing. Sequences obtained can then be compared 
against those already deposited in databases, such as GenBank or the Ribosomal 
Database Project, to identify the species. If the DNA sequence of interest is not found in 
the database, a distance-based phylogenetic tree can be generated using software such as 
MEGA. Furthermore, primers can be designed after the species and/or sequences have 
been determined (Quigley et al., 2011; Oberg et al., 2015). 
A nested, or multiplex approach, can also be taken to reduce the occurrence of 
non-specific binding of the primers. An initial PCR is performed by using one set of 
primers specific to the target sequence, followed by a second PCR using a set of primers 
that is even more specific to the target sequence in order to exclude any non-target 
amplicons from the first reaction. This approach was used by Rossi et al. (1999) to 
determine the presence of Propionibacteria in samples of milk, cheese, forage, and soil.  
While conventional PCR is useful in detecting the presence of microorganisms, it 
does not in itself provide any quantitative information about the sample. However, 






semi-quantitative information for a DNA extract, or rather how much of a microorganism 
is present in the sample relative to others. A simple and inexpensive way of 
accomplishing this is to use image processing and analysis software, such as ImageJ, to 
analyze digital images of amplicon bands on an electrophoretic gel. This method can 
determine differences in the intensity of bands with a greater intensity indicating more 
PCR products (Antiabong et al., 2016). 
Microbial Diversity 
When it comes to examining the microbial diversity in an ecosystem, denaturing gradient 
gel electrophoresis (DGGE) has proven to be a powerful tool. It has been used 
extensively to distinguish PCR amplicons in an electrophoretic gel based on differences 
in the DNA sequence. This is done by preparing an electrophoretic gel with a gradient of 
increasing concentrations of a denaturant, such as urea or formamide. As the amplicons 
pass through the gel, they denature at different locations depending on their sequence. A 
variation of this is temporal temperature gradient gel electrophoresis (TTGE), in which 
the denaturant concentration remains constant or is removed altogether, and a 
temperature gradient is used instead (Quigley et al., 2011; O’Sullivan et al., 2013). 
Cocolin et al. (2004) successfully employed DGGE to identify Clostridium spp. and other 
lactic acid bacteria in cheeses exhibiting late-blowing defects. DGGE was performed in 
conjunction with traditional plating methods. It was observed that any positive DGGE 
result was also evident in the plating technique used. The detection limit for this method 
was determined to be 10
4






population dynamics of smear ecosystems on Raclette type cheeses, particularly as they 
pertain to inhibition of Listeria spp. contamination. 
 Single-stranded conformation polymorphism (SSCP) is another tool which can 
reveal microbial diversity. This method exploits conformational differences or single 
point mutations in DNA fragments of similar size as a means of separation in an 
electrophoretic gel. This is typically performed by using fluorescently labeled primers in 
a PCR and passing the PCR products through an electrophoretic gel. The amplicons can 
be visualized on the gel itself or with an automated sequencer (Quigley et al., 2011; 
O’Sullivan et al. 2013). Duthoit et al. (2003) observed microbial diversity between Salers 
cheeses obtained from different farmers and population dynamics throughout cheese 
manufacture using SSCP. In this study, SSCP was carried out using both, universal 
primers (targeting the V2 and V3 region of the 16s rRNA gene) and selective primers for 
high guanine-cytosine containing, gram-positive bacteria partial 16s rRNA gene. This 
combination of primers allowed the researchers to resolve banding patterns that would 
otherwise not be possible. While SSCP would typically be a means to examine qualitative 
aspects of the microbial community, Duthoit et al. (2003) was able to provide semi-
quantitative information by using a ratio of the area of each peak to the area of all peaks 
present to determine the dominance of each amplicon relative to the others. 
 Terminal restriction fragment length polymorphism (T-RFLP) is a technique 
similar to SSCP in that it can provide a population fingerprint of a sample based on 
differences in DNA sequencing. T-RFLP, however, is based on the unique terminal 
restriction fragments generated by endonuclease digestion of fluorescent end-labeled 






the fluorescent tags can be observed, which in turn provides a fingerprint of the microbial 
community. T-RFLP can also be adapted to provide semi-quantitative information of the 
microflora present in a sample. This was demonstrated by Rademaker et al. (2005) in 
examining microflora dynamics during ripening of Tilsit cheeses and comparing the 
intensity of individual peaks relative to the others. Inferences can then be made in regard 
to the population density of each microorganism. Sanchez et al. (2006) used T-RFLP to 
observe population dynamics of metabolically active microorganisms present in defined-
strain dairy starter by coupling T-RFLP with reverse transcriptase PCR, thereby targeting 
these microorganisms and excluding dead or non-viable microorganisms. Since RNA 
degrades more quickly than DNA an assumption can be made that RNA extracts are a 
result of metabolically active members of the microbial community. 
Quantitative Analysis 
 A method for obtaining a quantitative measurement of DNA is qPCR. This 
analysis differs from conventional PCR in that the reaction is run in the presence of 
fluorescent probes, either specific or general, that aid in monitoring the multiplication of 
amplicons over the course of the reaction in real time. DNA present in the sample can 
then be quantified based on the point in the reaction at which the amplicon reaches a 
detectable level when referenced with a standard curve of known nucleic acid 
concentration.  
Kadiroglu et al. (2014) used qPCR to quantify S. aureus in naturally and 
artificially contaminated white cheeses by targeting the S. aureus nuc gene. As previously 






extraction kit (Intron Biotechnology, Inc., Korea) preceded with trypsin digestion of the 
sample paired with TaqMan probe-based qPCR exhibited the highest efficiency in 
quantifying S. aureus. Carraro et al. (2011) used qPCR as a part of a study of microbial 
diversity in Montasio cheeses in which specific microorganisms (i.e. Streptococcus 
thermophilus, Lactobacillus casei, Pediococcus pentasaceus, Enterococcus spp. and 
Pseudomonas spp.) were targeted and quantified. Ladero et al. (2012) used qPCR to 
target agmatine deaminase gene clusters specific to three different bacteria (Enterococcus 
spp., Lactobacillus spp. and Lactococcus lactis) present in cheese samples to determine 
putrescine-producing potential in a microbial ecosystem. 
Next Generation Sequencing 
 Next generation sequencing or high-throughput sequencing (HTS) is an emerging 
platform upon which nucleic acid analysis of cheese is possible. These methods are ideal 
for studying complex microbial communities in that they can be targeted to specific 
genes or utilized in metagenomic or metatranscriptomic studies to provide both 
qualitative and quantitative information. There is a variety of HTS instruments available 
that all utilize similar technology. Single-stranded DNA fragments are hybridized to 
adapter sequences immobilized on microbeads. The individual fragments are isolated 
from one another and amplified via emulsion PCR. The microbeads are then loaded into a 
picotiter plate in which pyrosequencing is performed (O’Sullivan et al., 2013). 
O’Sullivan et al. (2015) used HTS to evaluate bioactive amine-producing potential of 
microorganisms present in raw milk cheeses. This was accomplished by targeting 







Initial Attempts at Extracting DNA from Cheese 
 Initial attempts at extracting DNA from cheese were done using a phenol-
chloroform-based method. First, the cheese sample was finely grated aseptically using a 
clean, alcohol-disinfected shredder. Two hundred and fifty milligrams of this grated 
cheese was transferred to a sterile screw-top, round-bottom, 2-ml microfuge tube (VWR 
International, Radnor, PA). Three hundred milliliters of sterile, double-distilled water  
(ddH2O) were then added to the tube followed by 1 ml phenol-chloroform-isoamyl 
alcohol (Sigma Aldrich, St. Louis, MO) and 0.20 to 0.25 g sterile 0.1-mm zirconium 
beads (BioSpec Products, Bartlesville, OK). The sample was then subjected to bead-
beating for 30 s using a Mini-Beadbeater™ (Biospec Products) followed by cooling at 
room temperature for approximately 5 min.  
The lysate was then spun down via centrifugation at 12,000 x g for 10 min at 
room temperature. At this point, the aqueous phase containing the extracted DNA could 
then be transferred to a fresh, sterile 1.5-ml, conical-bottom microfuge tube (VWR 
International). Care was taken to avoid disturbing the protein layer below the aqueous 
layer in the process. The sample was then washed by adding an equal volume of 
chloroform (Fisher Chemical, Pittsburgh, PA) and inverting the tube for approximately 
30 s. The sample was then subjected to centrifugation at 12,000 x g for 10 min at room 
temperature and the aqueous phase was transferred to a fresh, sterile 1.5-ml, conical-






One tenth volume of 3 M sodium acetate pH 5.2 (Fisher Chemical) and two 
volumes of ethanol (Fisher Chemical) were added to the sample and mixed well by 
inversion to precipitate the DNA. The sample was allowed to incubate overnight at -20˚C 
after which time it was centrifuged at 12,000 x g for 5 min at room temperature to pellet 
the precipitated DNA. The DNA pellet was then washed with 75% ethanol (Fisher 
Chemical) and re-pelleted via centrifugation at 12,000 x g for 5 min at room temperature. 
The ethanol was decanted, the pellet allowed to air dry, and resuspended in nuclease-free 
water (Qiagen, Hilden, Germany). The sample was then stored at -20˚C.  
 The DNA extracted using this method was assessed for quantity and purity based 
on absorbance at 260 and 280 nm using a Nanodrop Lite spectrophotometer (Thermo 
Scientific, Waltham, MA). Yield was measured in ng/μL based on absorbance at 260 nm 
while purity was determined by the ratio of absorbance at 260 nm and 280 nm (A260/A280) 
of each sample.  
Observations from Initial DNA Extraction Method 
 The first and most obvious issue that presented itself with this method was 
repeated failures to achieve phase separation after the bead-beating step. More often than 
not, no aqueous layer was present after bead-beating, and when there was an aqueous 
layer present, it was a very small volume. Two adjustments were made in an effort to 
trouble-shoot this issue. First, a lower ratio of phenol-chloroform-isoamyl alcohol 
solution to ddH2O was used. I tried increasing the amount of ddH2O used from 300 μl to 
500 μl and decreasing the amount of phenol-chloroform-isoamyl alcohol accordingly to 






likelihood of achieving phase separation after bead-beating, however, failure still 
occurred more often than not. The next adjustment made was to vary the duration of 
bead-beating. I tried three different durations: 30 s, 60 s, and 90 s. Based on my 
observations, it did not appear that there was any difference between these durations or 
bead-beating in their ability to achieve phase separation in the sample.  
 I also considered the sample itself as far as its suitability for this particular method 
is concerned, particularly, how the age of the cheese being used might affect the outcome 
of the extraction. I obtained samples of Cheddar cheese that were approximately 1 m, 6 
m, and 12 m old as well as a cheese approximately 15 m old that exhibited signs of late-
gas production (i.e., puffy package) and subjected them to DNA extraction using this 
method. My observations were that the suitability of this method of DNA extraction was 
diminished when using aged samples of cheese. Phase separation was more likely when 
using 1-m Cheddar cheese than when using any other of the cheeses.  
 The other most obvious issue with this method was that the spectrophotometric 
measurements obtained from extracts obtained by this method indicated extremely poor 
yields and purity of DNA. This was verified by subjecting selected extracts to PCR using 
Lb. wasatchensis primers that resulted in no PCR products. In summary, this particular 
DNA extraction method proved ineffective in extracting DNA from cheese of adequate 
concentration and purity for downstream PCR analyses.  
Selection of DNA Extraction Methods Used in this Research 
 In the process of trouble shooting this initial method, I became aware of two 






which was being used in an industry setting. I met with Taylor Oberg who trained me to 
perform this method, and using this method, I was able to obtain DNA extracts of 
adequate yield and purity for PCR. This method is the indirect , spin-column-based 
method (ISP) used in this research that will be described subsequently. The other method 
was a direct method of extracting DNA. A variation of which had been used in other, 
similar research (Randazzo et al., 2002). Using this method, I was also able to obtain 
DNA extracts of adequate yield and purity for PCR. This method is the direct, phenol-
chloroform-based method (DPC) used in this research. I then took time to familiarize 
myself with both of these methods by performing them repeatedly on different cheeses.  
I chose to use these two methods for my research not only based on the fact that 
they proved to be effective in extracting DNA from cheese, but they represented to 
different types of DNA extraction (direct and indirect) and thus would give a good 














MATERIALS AND METHODS 
Preparation of Working Cultures and Cell Suspensions  
Working cultures of Lb. wasatchensis WDC04 were prepared from frozen stock 
cultures (stored at -80C) by inoculating 9 ml of MRS broth (Becton, Dickinson and 
Company, Franklin Lakes, NJ) supplemented with 1.5% (wt/vol) ribose (Acros Organics, 
Geel, Belgium) (MRS+R) with 1 ml of inoculum. Cultures were then incubated 
anaerobically in jars containing GasPak™ EZ (Beckton, Dickenson and Company) at 
23C for 48 h. One milliliter of this initial culture was transferred to 9 ml of fresh media 
and incubated accordingly to produce the working culture (Ortacki et al., 2015a). 
Two stock cultures were used to correlate optical density with colony-forming 
units per milliliter (CFU/ml). Serial tenfold dilutions were made for each culture using 
MRS+R broth and used to determine cell numbers as CFU/ml of the working culture. 
Each dilution was spread plated on MRS agar (Becton, Dickinson and Company) plus 
1.5% (wt/vol) ribose (MRS+R) in duplicate and incubated anaerobically using GasPak™ 
EZ at 23C for 5 d after which plate counts were obtained. Optical density at 600 nm 
(OD600) was also measured for each dilution in 16-mm glass culture tubes using a 
spectrophotometer.  
The Lb. wasatchensis stock solution was determined to contain 5.6 x 10
8
 CFU/ml. 
Working cultures of Lb. wasatchensis containing ~10
6 
CFU/ml were prepared by 
adjusting stock cultures with MRS+R broth to OD600 of 0.0359. This corresponded to a 
10
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Table 1. Average optical density at 600 nm (OD600) corresponding to serial dilutions of 



















The cells were then harvested via centrifugation at 7,500 x g for 10 min at 4C. 
The liquid was decanted and the pellet was twice washed with sterile 0.1% (wt/vol) 
peptone water (Dilu-Lok™, Hardy Diagnostics, Santa Maria, CA). Cells were then 
pelleted at 7,500 x g for 10 min at 4C and resuspended in the original volume using 
MRS+R broth, milk, or 0.1% peptone water in the case of cell suspensions used to 
inoculate cheese. Cell numbers in the working cultures were determined as described 
above to confirm their assumed cell concentration. Gram stains were performed using 
selected colonies and examined by light microscopy. 
Broth Media and Milk 
Using the 10
6
 cells/ml working cultures of Lb. wasatchensis, ten-fold dilution 
series were carried out using (1) MRS+R broth and (2) ultra-high temperature processed 
(UHT) whole milk (Gossner Foods, Logan UT) down to 10
-7





cells/ml. These dilution series were made in triplicate. The DNA from 10-ml 
samples of each suspension was extracted using both a direct and indirect DNA 







Four vats of cheese were made in the Gary Haight Richardson Dairy Products 
Laboratory at Utah State University using 16 kg of cold (<10 C) pasteurized whole milk. 
A vat with no culture added served as a control vat (Cheese A). The remaining vats were 
designated as Cheese B, C and D, and were inoculated with 5, 45, and 450 ml, 
respectively, of a ~10
6
 CFU/ml working culture of Lb. wasatchensis suspension with the 








The milk was directly acidified by adding ~450 ml of vinegar to adjust the pH to 
5.5. The milk was then warmed to 32°C with frequent stirring at which point 0.3 ml of 
rennet (diluted 1:20 with water) was added. The milk was allowed to set for 20 min, and 
the curd was cut using a wire harp with 6-mm spacing. The curd was then heated to 41°C 
over a 20 min period with occasional stirring. Whey was then drained and the curd was 
occasionally stirred for 30 min. The curd was then salted with two applications of 27.2 g 
of salt. The salted curd was pressed for 20 min at 100 kPa in round plastic hoops 
followed by 180 min at 137 kPa. After pressing, the cheese was removed from the hoops, 
cut into four ~450-g wedges, vacuum-sealed, and stored at 4°C. Plate counts were 
performed at d 4 in duplicate for each cheese as described by Ortacki et al. (2015a). Gram 
stains were also performed using selected colonies and examined by light microscopy. 
In addition to the experimentally prepared cheeses, two cheeses were obtained in 
which the bags were puffy from unwanted gas production. These were subjected to DNA 






Direct, Phenol-Chloroform (DPC) DNA Extraction  
 For extractions from broth or UHT milk, 5-ml samples of each dilution were used, 
and for extractions from cheese, 5-g samples were obtained from the inside of a block of 
cheese at a depth of approximately 5 mm. Cheese samples were then homogenized 
aseptically with an alcohol-disinfected mortar and pestle along with 5 ml of 4 M 
guanidine thiocyanate (Sigma Aldrich) – 0.1 M Tris-HCl (Fisher BioReagents) solution 
and 600 μl of 10% N-lauryl sarcosine (Sigma Aldrich), while liquid samples were 
combined with the preceding reagents in 15-ml centrifuge tubes (VWR International) and 
mixed thoroughly. 
Three hundred and fifty milligrams of the homogenized sample were then 
transferred to a 2-ml micro centrifuge tube (VWR International) with 350 mg of sterile 
0.1-mm zirconium beads (BioSpec Products) to which 30 μl of proteinase K (Fisher 
BioReagents) solution (15 mg/ml) were added, and the samples were incubated at 55°C 
for 2 h. After incubation, 150 μl of 0.2 M potassium phosphate (Fisher Chemical) buffer 
(pH 8), 300 μl of 50 mM acetate - 10 mM EDTA (Fisher Chemical) solution (pH 5), and 
500 μl of phenol-chloroform-isoamyl alcohol (Sigma Aldrich) solution (25:24:1, pH8) 
were added. Samples were subjected to bead-beating for 45 s in a Mini-Beadbeater™ 
(Biospec Products) followed by 5 min rest in ice then repeated three times. 
The contents of the 2-ml micro centrifuge tubes were then transferred to a 15-ml 
centrifuge tube, and 1 ml of the phenol-chloroform-isoamyl alcohol solution added and 
the samples then centrifuged for 3 min at 3,000 x g at 4°C. The resultant aqueous phase 
was carefully removed and transferred to a 2-ml flip-top micro centrifuge tube (VWR 






then centrifuged at 12,000 x g for 10 min, and the aqueous phase (~250 l) was again 
carefully removed and transferred to fresh 2-ml flip-top micro centrifuge tubes (VWR 
International). 
To precipitate the DNA, 0.10 volumes (~25 l) of 3 M sodium acetate and 2 
volumes (~500 l)  of 75% ethanol were added to the tubes. The samples were allowed to 
incubate overnight at -20°C. The samples were then centrifuged at 12,000 x g for 10 min 
to pellet the DNA, and the supernatant was decanted. The pellet was then washed with 
70% ethanol and centrifuged again at 12,000 x g for 10 min. The supernatant was again 
decanted and the pellet was allowed to air dry before being resuspended in 20 μL of TE 
buffer pH 8.0 (Amresco, Solon, OH). The DNA extracts were stored at -20°C. A 
summary of the DPC DNA extraction method is shown in Figure 1. 
Indirect, Spin Column (ISC) DNA Extraction 
Eleven-gram samples of cheese were obtained from within a block of cheese at a 
depth of approximately 5 mm. The samples were aseptically weighed in one side of 
sterile filter stomacher bags (Whirl-Pak™, Nasco, Fort Atkinson, WI). Ninety nine 
milliliters of buffered peptone water were added and the samples were homogenized in a 
Stomacher 400 Circulator (Seward, West Sussex, UK) for 2 min at 260 rpm. Ten 
milliliters of the homogenized sample were drawn from the side of the filter opposite of 
where the cheese was added and transferred to a 15-ml conical centrifuge tube. For 
extractions from MRS+R broth or UHT milk, 10-ml samples of each dilution were used.  
Forty microliters of 50% (wt/vol) sodium citrate (Fisher Chemical) and 26 μl of 










Figure 1. Schematics for the direct, phenol-chloroform (DPC) and indirect, spin-column 








and the cells were harvested at 5,000 x g for 20 min at 4°C. The supernatant was 
discarded and the cell pellet was resuspended in 1 ml of 50 mM Tris – 10 mM EDTA 
solution and transferred to a 1.5-ml conical micro-centrifuge tube. Cells were pelleted 
again at 5,000 x g for 5 min, and the supernatant was discarded. The cell pellet was once 
again resuspended in 1 ml of 50 mM Tris – 10 mM EDTA solution and pelleted at 8,000 
x g for 10 min. The supernatant was discarded and the cells were resuspended in 300 μl 
of lysozyme (20 mg/ml) (Fisher BioReagents) in 10 mM Tris – 1 mM EDTA solution. 
One unit of mutanolysin (Sigma Aldrich) was also added to the resuspended cell pellet, 
and the samples were allowed to incubate for 30 min at 37°C.  
After incubation, the samples were transferred to a 2-ml round-bottom screw-top 
micro-centrifuge tube containing approximately 350 mg of zirconium glass beads, and 
280 μl of lysis buffer were added. The sample was then subjected to bead-beating for 5 
min, and the tubes were centrifuged to settle the foam. Supernatants were then transferred 
to sterile 1.5-ml flip-top micro centrifuge tubes, and 28 μl of 1 mg/ml protease K solution 
(Qiagen, Hilden, Germany) was added. The tubes were then allowed to incubate at 56°C 
for 30 min followed by an inactivation period at 95°C for 15 min. The tubes were 
allowed to cool to room temperature before adding 75% ethanol, briefly inverted, and 
pulse-centrifuged to collect droplets. The entire sample was then applied to a QIAamp 
DNA Mini Kit (Qiagen) spin column and centrifuged at 6,000 x g for 1 min. At this 
point, the instructions for the spin column kit were followed as described by the 






The DNA extracts from this method were precipitated and resuspended in TE 
buffer pH 8.0 in the same manner as the DNA extracts from the direct method. The DNA 
extracts were stored at -20°C. A summary of this method is shown in Figure 1. 
Determining Yield and Purity of DNA Extracts 
Quantity and purity of the extracted DNA from each sample was assessed based 
on absorbance at 260 and 280 nm using a Nanodrop Lite spectrophotometer (Thermo 
Scientific, Waltham, MA). Yield was measured in ng/μl based on absorbance at 260 nm 
while purity was determined by the ratio of absorbance at 260 nm and 280 nm (A260/A280) 
of each sample. 
Polymerase Chain Reaction 
The presence of the 16s rRNA gene specific to Lb. wasatchensis in each sample 
was probed by performing PCR with the bacteria-specific primers 27F (5’-
AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-
ACGGYTACCTTGTTACGACTT-3’) (Culumber et al., 2017). Each reaction was 
prepared as follows: 5.0 μl of 5x GoTaq™ green reaction buffer (Promega, Sunnyvale, 
CA), 0.5 μl of the forward primer, 0.5 μl of the reverse primer, 0.5 μl of 10 mM dNTP 
mix (Promega), 16.4 μl of nuclease-free water (Qiagen), 0.1 μl of GoTaq™ DNA 
polymerase (Promega), and 2 μl of the DNA extract. After adding the DNA sample to 
each reaction tube, samples were amplified using a DNA Thermal Cycler 480 (Perkin 
Elmer, Waltham, MA). An initial denaturation step at 94C for 3 min occurred first 
followed by 30 cycles of the following sequence: 15 s denaturation at 94C, annealing at 






72C for 5 min then cooled and held at 4C until they could be removed from the 
thermocycler. 
Gel Electrophoresis 
Twenty microliters of the PCR products were loaded into individual wells on a 
1% agarose (Fisher BioReagents) electrophoretic gel and subjected to electrophoresis at 
75 W for ~45 min in a Bio-Rad Wide Mini-Sub™ Cell (Hercules, CA) using a Bio-Rad 
Model 250 power supply. Each gel was also run with a DNA ladder (Hi-Lo™ DNA 
marker, Bionexus, Oakland, CA) for reference. The gels were subjected to staining using 
ethidium bromide (0.5 μg/ml) and photographed under UV light (MultiDoc-It Digital 
Imaging System, UVP, Upland, CA) to determine the presence of any amplified Lb. 
wasatchensis 16s rRNA gene. 
 Digital images of PCR electrophoretic gels were analyzed using ImageJ software 
(National Institutes of Health, Bethesda, MD) to determine relative band intensities as 
described by Antiabong et al. (2016). The ratio of intensity of each individual band to the 
intensity of all bands appearing on each gel was calculated. 
Experimental Design  
 Three replicates were performed for each sample matrix occurring on different 
days (i.e., one dilution series per day). Polymerase chain reaction and gel electrophoresis 
of each sample was performed on the day it was extracted. The cheese used in these 
experiments was manufactured in a single day using four separate vats at the Gary Haight 






used in cheese manufacture was prepared 48 hrs prior. Plate counts of the experimental 
cheeses were performed 4 d after manufacture.  
The experiment was conducted as a nested factorial design with DNA extraction 
method (DPC or ISC) and sample matrix (broth, milk, or cheese) considered as crossed 
factors and cell suspension dilution nested within sample matrix. DNA concentration 
(ng/μl), DNA purity (A260/A280), and band intensity ratio were dependent variables. 
Statistical analysis was performed using PROC MIXED in SAS (version 9.1; SAS 







RESULTS AND DISCUSSION 
Plate Counts 
 All colonies that appeared after 72 h of anaerobic incubation at 25°C during plate 
counting for broth, milk and cheese were manifested as small (<1.0 mm), circular, white 
colonies. No other colony morphologies were observed. Upon Gram staining of select 
colonies, cell morphology consistent with gram-positive rods was observed. These 
observations are consistent with previous colony and cellular morphological descriptions 
of Lb. wasatchensis WDC04 (Oberg et al., 2017).  
 For the four cheeses,  plate count numbers for  Lb. wasatchensis were <10, 3.6 x 
10
4
, 3.0 x 10
5
 and 2.7 x 10
6
 CFU/g for cheeses A, B, C and D, respectively. This was the 
ranges expected as there is typically a ten-fold concentration of bacteria in the conversion 
of milk into cheese. Since the cheese was sampled only 4 d after manufacture, there had 
been no time for other NSLAB to grow and so there was no interference from these faster 
growing bacteria. Ortacki et al. (2015a) found that when trying to enumerate Lb. 
wasatchensis in cheeses containing other NSLAB, Lb. wasatchensis had to be within 1.5 
log of the other NSLAB present in order to be detected and enumerated using traditional 
plating techniques. Otherwise, the slow-growing Lb. wasatchensis colonies are obscured 
by much higher numbers of faster growing NSLAB. Because typical NSLAB counts in 
an aged cheese can be ≥10
6
 CFU/g, Lb. wasatchensis numbers would need to be ~10
5
 







Observations on DNA Extraction  
In comparison to the ISC method, the DPC method was slightly more time-
consuming and labor-intensive. There are several steps in this protocol where great care 
must be taken to avoid carry-over of compounds inhibitory to PCR. This method also 
employs chemicals more hazardous than those used in the ISC method (i.e., phenol and 
chloroform). It was noteworthy that the DNA pellets produced by this method prior to the 
ethanol precipitation were larger and slightly more insoluble in ethanol than those 
obtained in the ISC method. This is likely due to fat or protein contamination in the DPC 
method from the milk or cheese matrix. Furthermore, there were several instances where 
the aqueous phase failed to separate in the sample after bead-beating and centrifugation 
in which case the extraction failed.  
 The ISC method was less time-consuming and labor-intensive. Cells were 
harvested from samples by mixing with 50% (wt/vol) sodium citrate, and 0.5 M EDTA 
followed by centrifugation. After performing this step with milk and cheese samples, 
there was a large layer of fat floating at the top of the sample. This needs to be carefully 
removed prior to washing and transfering the cell pellet. There was also a large amount of 
debris that co-pelleted with the cells at all levels of bacteria. When harvesting the cells 
from broth samples, a visible cell pellet was only observed down to 10
5
 cells/ml. After 
the bead-beating step for this method, care needs to be taken to avoid transferring any of 
the glass beads from the bead-beating tube to the clean centrifuge tube. After running the 
extracted DNA through the spin column and before ethanol precipitation, very small (<1 
mm) DNA pellets were visible for the 10
-1
 dilution only. These pellets were readily 













DF F Value Pr > F 
Method 1 94.4 370.64 <0.0001 
Sample Matrix 2 17.9 6.24    0.0088 
Method*Matrix 2 94.1 1.83    0.1658 
 
DNA Yield and Purity  
 For DNA yield, there were significant differences in the mean quantity of DNA 
extracted based on method (P < 0.0001) and type of matrix (P < 0.01) (Table 2). There 
was not a significant interaction between extraction method and sample matrix, indicating 
that the sample matrix had similar effects on DNA extraction based on whether the DPC 
method or ISC method was used. The purity of DNA was dependent on method used for 
extraction, the sample matrix, and their interaction as shown in Table 2. For both 
extraction methods, the magnitude of DNA yields extracted from broth versus milk were 
similar with approximately three to five times as much DNA extracted from broth than 
from milk. Extractions from cheese had the lowest yields. 
 The amounts of DNA yielded using the DPC method was of the same order of 
magnitude (i.e., 130 to 450 ng/μl) for all broth and milk samples (Table 3).  Even though 
the number of bacteria varied by six orders of magnitude (i.e., from 1 up to 10
6
 cells/ml). 
It was unanticipated that the uninoculated control broth sample also had a similar DNA 
yield of 235 ng/μl. There are a number of possible causes for this observation: (1) there 















 of DNA extracts obtained from broth 












452 ± 80.5 2.10 ± 0.03 
10
5 
401 ± 42.7 2.08 ± 0.01 
10
4 
314 ± 90.5 2.08 ± 0.02 
10
3 
292 ± 49.9 2.06 ± 0.01 
10
2 
320 ± 96.1 2.06 ± 0.05 
10
1 
267 ± 66.4 2.08 ± 0.02 
10
0
 155 ± 35.4 2.00 ± 0.04 
Control
3 




135 ± 7.3 1.30 ± 0.04 
10
5 
139 ± 12.3 1.26 ± 0.04 
10
4 
156 ± 21.3 1.29 ± 0.05 
10
3 
130 ± 16.2 1.29 ± 0.04 
10
2 
148 ± 17.3 1.22 ± 0.03 
10
1 
176 ± 23.1 1.34 ± 0.03 
10
0 
148 ± 7.1 1.30 ± 0.04 
Control
3 
138 ± 6.4 1.21 ± 0.07 
1
From absorbance at 260 nm. 
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had an absorbance at 260 nm; or (2) there could be residual DNA still present in the 
autoclaved sterile broth that was prepared for use in these experiments. That there was 
not a concomitant increase in magnitude of DNA extracted with each 10-fold increase in 
bacterial numbers may also indicate that there is a maximum amount of DNA that can be 
extracted from the broth using the DPC method and that level was reached even in the 
uninoculated sample.  Purity of the extracts were ~2.0 for all broth samples and ~1.3 for 
the milk samples as shown in Table 3, which would be considered acceptable.   
 The phenol used in the DPC extraction method does absorb light over the range of 
260 to 280 nm and has been found to contribute to overestimation of nucleic acid 
concentration when using spectrophotometric measurements (Lee et al., 2014). This may 
be the most likely reason that DNA yields observed in DPC extracts were greater than 
those observed in ISC extractions. Lee et al. (23014) suggested that a correction to such 
measurements that factors in the absorption spectra of phenol should be considered.  
In contrast to the DPC extracts, the DNA yields from broth using the ISC method 
were lower and except for broth containing ~10
6
 cells/ml were only 2 to 30 ng/μl (Table 
4). The DNA yield for the broth containing ~10
6
 cells/ml was 156 ng/μl. The Nanodrop 
Lite spectrophotometer has a stated lower detection limit for dsDNA of 4 ng/μl with a 
reproducibility over the range 4.0 to 100 ng/μl in which the standard deviation is ± 2 
ng/μl. Thus, the amount of DNA calculated for broth samples containing ≤10
4 
 cells/ml 
and milk samples containing ≤10
3 
 cells/ml was below or at the same level as the 
instrument’s detection limit and so is not a reliable measurement of DNA quantity. While 
the uninoculated broth sample was in this category, the uninoculated milk sample was 













 of DNA extracts obtained from broth 












156.63 ± 19.07 2.05 ± 0.04 
10
5 
8.37 ± 2.50 1.80 ± 0.12 
10
4 
2.67 ± 0.26 1.19 ± 0.07 
10
3 
4.70 ± 1.64 2.37 ± 1.11 
10
2 
9.50 ± 6.74 1.20 ± 0.02 
10
1 
5.13 ± 2.53 1.26 ± 0.05 
10
0 
4.13 ± 1.47 1.38 ± 0.11 
Control
3 




29.37 ± 15.16 1.03 ± 0.07 
10
5 
12.27 ± 5.62 0.94 ± 0.06 
10
4 
14.70 ± 2.40 1.11 ± 0.11 
10
3 
1.73 ± 0.32 1.88 ± 0.53 
10
2 
2.83 ± 0.96 2.09 ± 0.32 
10
1 
7.60 ± 4.80 1.43 ± 0.13 
10
0
 2.23 ± 0.94 1.95 ± 0.21 
Control
3 
23.30 ± 6.90 1.20 ± 0.02 
1
From absorbance at 260 nm. 
2














CFU/g samples were similar (52 and 59 ng/ μl). The DNA yields were highest for 
extractions from the uninoculated cheese, and lowest for the cheese with highest cell 
numbers (i.e., 10
5
 CFU/g). This may be due to inhibition of the DPC extraction at higher 
cell concentrations, or overestimation of DNA yield due to chemical carry-over as 
mentioned before. Using the ISC method, the amounts of DNA obtained were more in 
line with the number of bacterial cells in the cheese (Table 5). It was  highest in the 10
5
 
CFU/g cheese with 26 ng/μl, followed with a 10-fold decrease in the 10
4
 CFU/g cheese 
with 2 ng/μl, and the 10
3
 CFU/g cheese and the uninoculated cheese having similar DNA 
concentrations of 0.7 to 0.8 ng/μl. Concentrations of  DNA extracted for cheeses with 
≤10
4
 CFU/g were thus below the detection limit of 4 ng/μl for the instrument. 
 




 of DNA extracts obtained from cheese 
using the direct, phenol-chloroform (DPC) and indirect, spin-column (ISC) extraction 














2.37 ± 2.37 0.29 ± 0.29 
10
4 
52 ± 29.1 0.63 ± 0.32 
10
3 
59 ± 29.6 0.60 ± 0.30 




 26.37 ± 19.04 1.20 ± 0.06 
10
4
 2.27 ± 1.17 1.22 ± 0.06 
10
3
 0.77 ± 0.22 1.22 ± 0.05 
Control 0.73 ± 0.23 1.24 ± 0.02 
1
From absorbance at 260 nm. 
2
Based on ratio of absorbance at 260 and 280 nm) 
4















DF F Value Pr > F 
Method 1 95.3 10.30 0.0018 
Sample Matrix 2 18.7 22.30 <.0001 
Method*Matrix 2 94.9 16.84 <.0001 
 
 
 There were significant differences observed in the average DNA purity achieved 
from each sample matrix (P < 0.0001) as shown in Table 6. Based on the avearage 
A260/A280 ratio it would appear that higher DNA extract purity was obtained using the 
DPC method when extracting broth with a value of 2.07 compared to 1.56 for the ISC 
method (see Tables 3 and 4).  While for milk it was the opposite with DNA extract purity 
values of 1.28 for the DPC method and 1.45 for the ISC method. Extracts from cheese 
had the lowest DNA extract purity with values of 0.62 for the DPC method and 1.22 for 
ISC method (Table 5). The DNA extract purity obtained using the ISC method was more 
consistent which can be related to the first step involving harvesting the cells, while the 
DPC method seems more dependent on the matrix from which the DNA is being 
extracted. This was shown in the analysis of variance witha significant method x matrix 
interactive effect (P < 0.0001) observed in regards to purity of the DNA extracts (Table 
6).   
In the DPC method there is a step involving  separation of an aqueous phase 
from an organic phase (i.e., after bead-beating and partitioning of nucleic acids from 






samples of broth, there are fewer lipids and proteins present from which to separate the 
aqueous phase creating less potential for contamination by these compounds.  
Visual Observation of Electrophoresis Gels 
 Image of electrophoresis gels of PCR amplified DNA bands for Lb. wasatchensis 
from DNA extracts from broth and milk are shown in Figure 2. For extracts from broth, , 





 cells/ml using both the DPC and ISC methods. 
 
A fainter band could be observed for 
the 10
4
 cells/ml sample for the ISC method. Barely perceptive bands were observed in 
some of the replicate extracts for the10
3
 cells/ml sample using the ISC method and 10
4
 
cells/ml sample using the DPC method.  





cells/ml when using the ISC method, with faint bands at 10
3
 cells/ml This 
suggests slightly lower proportion of DNA was being extracted from the milk samples 
compared to the broth samples. When extracting DNA directly from milk using the DPC 
method a different picture was observed and bands were visible at every cell 
concentration including the uninoculated control.  
It was unanticipated to observe bands of amplifiable DNA from any of the 
extracts from the uninoculated milk. This can be interpreted in several ways. The DNA 
extract may have been contaminated by Lb. wasatchensis DNA at some point during the 
extraction although this seems unlikely as the bands were consistently observed in all 
three uninoculated milk replicates and and was not present in any uninoculated broth 









Figure 2. Images of electrophoretic gels showing polymerase chain reaction amplified 
product bands for three replicates of DNA extracted from dilutions of Lactobacillus 
wasatchensis WDC04 in broth (left) and milk (right) via the direct, phenol-chloroform 
(DPC) and indirect, spin-column (ISC) methods. A DNA ladder is shown in the left lane, 






















Another possibility is the presence of DNA from dead or nonviable Lb. 
wasatchensis present in the sample that is extracted and then produces PCR amplified 
DNA. This seems most likely as there was no visible bands of Lb. wasatchensis DNA in 
the uninoculated control sample (or at cell concentrations <10
5
 cells/ml) when using the 
ISC method. Wolffs et al. (2005) have investigated the risk of PCR products occurring as 
a result of DNA from dead cells present in food samples. In their research, they examined 
the rate of chromosomal and plasmid DNA degradation in pork and chicken samples at 
different temperatures. They observed significant differences in the rate of DNA 
degradation from one sample to the next and increased degradation at higher 
temperatures. Karni et al. (2013) investigated thermal degradation of DNA and found that 
under dry conditions, DNA degradation begins at 130°C and increases linearly until it 
reaches complete degradation at 190°C. Their results for thermal degradation of DNA 
under aqueous conditions were inconclusive in that they applied pressure to these 
experiments to avoid evaporation of water and determined that the DNA degradation 
observed was due to pressure rather than heat alone.  
Based upon the observation of DNA bands in the uninoculated samples of milk, 
and the milks with lower cell concentrations (these were prepared by serial dilution with 
UHT milk), it appears that while UHT heat treatment of milk (~140°C for 4 to 10 s) is 
sufficient to inactive vegetative cells and spores to produce a commercially sterile 
product, there is DNA from such lysed or dead cells that survives. This DNA can remain 
sufficiently intact to be amplifiable by PCR as the UHT heating treatment would also 
have inactivated most enzymes, including DNases that would hydrolyze the DNA into 






If it is assumed that DNA from bacterial cells that are killed during UHT 
processing does survive during the heat treatment and storage, then having DNA that was 
amplified using the Lb. wasatchensis specific primers implies that Lb. wasatchensis  was 
present in the original milk.  For the UHT milk used in this study this is not unexpected 
as the milk came from the same milk shed from which Lb. wasatchensis was first isolated 
and identified.  Furthermore, it has been found to be present in a wide geographical area 
within the United States as shown by Culumber et al. (2017). 





 CFU/g using the ISC method in all three replicates (Figure 3). Using the DPC 
method, bands were visible in at least one replicate at every cell concentration including 
the uninoculated control (Figure 3). However, there were several replicates using the 
DPC method that failed to produce PCR products showing a lack of reproducibility of  
 
 
Figure 3. Images of electrophoretic gels showing polymerase chain reaction amplified 
product bands for three replicates of DNA extracted from cheese using the indirect, spin-
column (ISC) method (left) and the direct, phenol-chloroform (DPC) method (right). A 
DNA ladder is shown in the lane 1, with triplicate extracts from uninoculated control 
cheese (lanes 2, 3 and 4), from cheese containing Lactobacillus wasatchensis WDC04 at 
levels of 10
4 
CFU/g (lanes 5, 6 and 7), 10
5 
CFU/g (lanes 8, 9 and 10), and 10
6 
CFU/g 







this extraction method. It does therefore not appear that the DPC method is suitable for 
use as a screening method for presence of Lb. wasatchensis in cheese as even at levels of 
10
6
 CFU/g it would yield many false negatives, as 2 of the 3 replicates failed to have 
amplifiable Lb. wasatchensis DNA even though it was known to be present. 
Lactobacillus wasatchensis is known to be an environmental contaminant in the 
creamery at Utah State University (Culumber et al., 2017) where the experimental 
cheeses were made. It has recently been shown that Lb. wasatchensis does not survive 
milk pasteurization at 72°C for 15 s (personal communication, Isaac Bowen, Utah State 
University) so the DPC method may be extracting DNA from Lb. wasatchensis that were 
killed during pasteurization. The uninoculated control cheese contained <10 CFU/g of 
Lb. wasatchensis and did not show any sign of unwanted gas production through 4 
months of storage which would be a consequence of presence of Lb. wasatchensis in 
cheese (Ortacki et al., 2015b).  
Digital Imaging of Electrophoresis Gels 
After scanning the gels, ratios of band intensity to total band intensities appearing 
on the gel were then calculated. There were no significant differences in relative band 
intensity between method (P = 0.268) or matrix (P = 0.974) to effect relative band 
intensity (Table 7). However, a tendency was observed pertaining to sample being a 
source of variation (i.e., P = 0.087). Using image scanning was not able to lower the 
threshold of detection for the ISC method compared to visual observation and remained 
at 10
4 
cells/ml in broth and milk and 10
5 
CFU/g for cheese (Table 8). Bands 
corresponding to 10
3






Table 7. ANOVA of independent variables for relative intensity of bands in 






DF F Value Pr > F 
Method 1 52.6 1.25 0.268 
Sample Matrix 2 13.5 13.5 0.087 
Method*Matrix 2 51.8 0.03 0.974 
 
Table 8. Mean ± SE realitve band intensity for bands appearing on electrophoretic gel 
images indicating PCR products of Lactobacillus wasatchensis WDC04 obtained by 
DNA extraction broth, milk, and cheese using the direct, phenol-chloroform (DPC) and 
indirect, spin-column (ISC) methods. 
 
    Average relative band intensity ratio 




0.450 ± 0.038 0.469 ± 0.067 
10
5 
0.490 ± 0.032 0.378 ± 0.021 
10
4 
0.057 ± 0.010 0.136 ± 0.040 
10
3 
0.003 ± 0.003 0.017 ± 0.009 
10
2 
 -   -  
10
1 
 -   -  




0.243 ± 0.015 0.414 ± 0.105 
10
5 
0.177 ± 0.057 0.488 ± 0.128 
10
4 
0.131 ± 0.046 0.091 ± 0.033 
10
3 
0.086 ± 0.023 0.006 ± 0.006 
10
2 
0.078 ± 0.022  -  
10
1 
0.095 ± 0.016  -  
10
0 
0.128 ± 0.038  -  
Control 0.070 ± 0.032  -  




0.319 ± 0.134 0.551 ± 0.021 
10
5 
0.244 ± 0.158 0.449 ± 0.021 
10
4 
0.303 ± 0.136  -  






DNA Extracts of Puffy Cheeses 
 Gel electrophoresis of ISC DNA extractions followed by PCR using primers 
specific to Lb. wasatchensis for the two samples of shredded Cheddar cheese exhibiting 
gassy, puffy packages are shown in Figure 4. Bands of high intensity bands were 
observed for both cheeses, confirming the expected presence of Lb. wasatchensis. Since 
it requires Lb. wasatchensis to be in high numbers in order to produce enough carbon 
dioxide to puff up the bags, it was easy to detect the presence of Lb. wasatchensis. 
However, the low levels of Lb. wasatchensis that may be present in cheese without 
causing puffy bags may still be below the detection threshold of 10
5
 CFU/g for a 
confirmed test, and 10
4
 CFU/g for a presumptive positive test at the lowest level in which 
a very faint band was observed on the gels of the DNA extract using the ISC method. 
While bands on gels corresponding to Lb. wasatchensis in DNA extracts obtained 
using the DPC method where observed at levels <10
4  
cells/ml or CFU/g, it was probable 
that this was DNA from dead bacterial cells or extracellular DNA. The ISC extraction 
method includes a cell washing step and yielded purer DNA extracts from the milk and 
cheese samples than the DPC method. The cell washing also removes any extracellular 
DNA. The relatively low purity of the ISC DNA extracts as measured with the Nanodrop 
Lite spectrophotometer of ~1.2 ng/μl did not appear to inhibit amplification using the  Lb. 
wasatchensis specific primers duringPCR. The DPC extraction method only appears 
valid in samples such as broth media which have no likely prior history of presence of 
DNA and autoclaving of the media may also provide sufficient degradation of DNA as 












Figure 4. Images of electrophoretic gels showing polymerase chain reaction amplified 
DNA produced using Lactobacillus wasatchensis specific primers for DNA extracted 
from two cheeses with unwanted gas production using the indirect, spin-column method. 
A DNA ladder is shown on the left, lane 1 contains a positive control of Lb. wasatchensis 









This study investigated the ability of a direct DNA extraction that utilizes phenol-
chloroform as a principle component and an indirect DNA extraction that uses a spin 
column to purify and concentrate the DNA to obtain DNA from broth media, milk, and 
cheese of adequate purity and concentration for downstream PCR-based analyses. The 
DPC method resulted in DNA extracts with significantly higher yield for all three sample 
matrices while the ISC method resulted in DNA extracts of significantly higher purity 
from milk and cheese samples and the direct method yielded purer extracts from broth. 
Gel electrophoresis of PCR products generated by the DNA extracts indicate that the 
DPC method had a lower presumptive detection threshold for Lb. wasatchensis in milk 
and cheese samples (<10
 
cells/ml or g) but this was considered erroneous due to 
extraction of extracellular DNA in those samples. 
Detection threshold for Lb. wasatchensis (based on the ISC method) was 10
4
 
cells/ml for DNA extracts from broth or milk. Very faint bands could be observed at 10
3
 
cells/ml but this could only be considered a presumptive positive. For cheese the 
detection threshold was 10
5
 CFU/g which is about the limit for detection of Lb. 
wasatchensis in aged cheese in which the other NSLAB lactobacilli may be at levels of 
10
6
 CFU/g or higher. 
My suggestions for future work would be to assess the suitability of DNA 
extracted via the ISC method from cheese for qPCR. Quantitative polymerase chain 
reaction has been shown to serve as a powerful tool in detecting and enumerating other 






some value to investigate ways to block extraction of extracellular DNA to improve the 
DPC. It would also be valuable to apply PCR-based analyses to investigate the 
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APPENDIX B. EXPERIMENTAL CHEESE MAKE RECORD 
 
 
